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Toida et a/, claim in their recent article [1] that they 
"report a direct observation of vacuum Rabi splitting in a 
GaAs/AlGaAs double quantum dot (DQD) based charge 
qubit coupled with a superconducting coplanar waveg- 
uide (CPW) resonator" [2]. They also claim that their 
work goes beyond results previously published in the lit- 
erature [3], and in the process, neglect to cite other work 
[4] in this area. In this comment, we challenge the main 
claims made in the paper [1] and show that their results: 
a) do not provide any evidence of vacuum Rabi oscilla- 
tions and b) do not provide any direct evidence of vacuum 
Rabi splitting. 

In their paper Toida et al. state "The distinct sig- 
nature of the strong coherent quantum mechanical in- 
teraction between the two-level system (DQD) and the 
microwave photons (resonator) shows up when (i) ... : It 
manifests itself as two sharp parallel structures in a re- 
gion between two paired charge triple points, as is shown 
in Fig. 3(b)." However, the two sharp parallel structures 
in Fig. 3(b) of [1] simply indicate the resonant interaction 
between the DQD and the resonator. This interaction is 
visible at detunings ±e corresponding to a crossing of the 
bare DQD transition frequency and the bare resonator 
frequency. The presence of these features is in no way 
indicative of a coherent quantum mechanical interaction. 

More importantly, Toida et al. claim "The peak fre- 
quency of the spectra exhibits distinct anticrossings, as 
is shown in Fig. 4(b) [18], and the resonance line width 
increases significantly in the vicinity of the anticrossing 
points [Fig. 4(c)]." Toida et al. do indeed observe a 
small frequency shift of less than 2 MHz due to the disper- 
sive, i.e. non-resonant, interaction between the DQD and 
the resonator in Fig. 3(b) of [1]. However, a clear anti- 
crossing, allowing for a claim of the observation of strong 
coherent interaction of the vacuum-Rabi-type, is not ob- 
served as argued in more detail below. Importantly, the 
frequency range of the data displayed in Fig. 4(a) of [1] 
is narrower than the suggested interaction rate 2g/(2w), 
which does not even allow for the observation of the vac- 
uum Rabi mode splitting in their data. 

The key signature of strong coherent coupling of the 
vacuum Rabi type is the observation of a resonant mode- 
splitting with a pair of clearly identifiable distinct modes 
separated in frequency by 2g/(2ir), see for example 
Fig. 4b in Ref. [5] or Ref. [6] and references therein. 
The line width of the two distinct modes on resonance 



is r = 7 + k/2, with the resonator energy decay rate 
K and the DQD decoherence rate 7 = 71/2 + 70 deter- 
mined by the DQD energy decay rate 71 and the pure 
dephasing rate 7^ [7]. From their measurements Toida 
et al. correctly determine k/(2tt) = 8 MHz. The key mis- 
take in the analysis of the experimental data in [1] is 
the following: They extract the line width of the data 
shown in Fig. 4(a) of [1] (presumably using a fit to a 
single Lorenztian line) as displayed in Fig. 4c of [1] and 
claim that the maximum observed value represents an 
accurate measure of T on resonance. This is incorrect, as 
the presented expression for T requires a resolved spec- 
tral measurement of the two vacuum Rabi modes to be 
applicable [6]. Toida et al. mistakenly proceed to solve 
the expression of V for the DQD decoherence rate 7. This 
procedure is incorrect and leads to a too small estimate 
of 7/(27r) = 12(25) MHz [1] eventually resulting in their 
unjustified claim of having observed the strong coupling 
limit. 

To demonstrate this fact we have simulated the ex- 
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FIG. 1. Master equation simulation (dots) of transmitted 
power (on logarithmic scale) calculated as the sum of the 
squares of the in-phase (I) and out-of-phase (Q) quadrature 
of the transmitted microwave field as a function of drive 
frequency v. Solid lines are fits to Lorentzian line shapes. 
Red and orange data sets are with DQD on resonance with 
the microwave resonator for (7i,7^,7)/(27r) = (8, 8, 12) MHz 
and (200, 200, 300) MHz respectively. For both data sets 
K — 8 MHz as indicated by the spectrum calculated with de- 
tuned DQD (blue data set) which we use to normalize the 
maximum power transmitted on resonance to unity. 
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FIG. 2. Comparison of Fig. 4b and c of Toida et al. [1] 
with our master equation simulation (orange line) using their 
parameters but the much larger DQD decoherence rates 

7i/(2tt) = 7^/(2tt) = 200 MHz. 



pected transmission spectrum using a master equation 
simulation in the low photon number limit with the char- 
acteristic parameters extracted by Toida et al., see Fig. 1. 
This simulation takes into account the energy relaxation 
and dephasing of both the resonator and the DQD. If 
the analysis by Toida et al. was correct one would ex- 
pect a clearly resolved vacuum Rabi mode splitting to be 
observable in their experiments as indicated by the red 
dots in Fig. 1. However, the authors do not present this 
essential data in their work. 

Our analysis of the frequency shifts and line widths 
presented in Fig. 4(b,c) of [1] using a master equa- 
tion simulation [3] including the counter-rotating terms 
of the Rabi-Hamiltonian results in values of "f/2n = 
300 MHz with 7i/(2tt) = 7^/(2^) = 200 MHz rather than 
7/(2vr) = 12(25) MHz as claimed in [1]. In our Fig. 2 the 
simulated frequency shifts and line width extracted from 



a fit of the simulated spectra to a Lorentzian line shape 
(solid orange lines) are shown to be in reasonably good 
agreement with the data by Toida et al. 

In addition we have performed analytical calculations 
of the resonator line width in a Jaynes-Cummings model, 
i.e. using the rotating wave approximation, which are 
consistent with our numerical results. In both the nu- 
merical and the analytical results the vacuum Rabi mode 
splitting is not observed, see simulated resonant spectrum 
(orange) calculated with these parameters in our Fig. 1. 
Also the line width extracted from both our simulations 
and analysis (orange line in Fig. 2c) is consistent with 
the data in Ref. [1]. 

As a result, using the more realistic values for j/(2tt) — 
300 MHz extracted from our analysis, the values for the 
number of Rabi flops rtRabi = 0.07 <C 1, the critical pho- 
ton number no = 112 3> 1 and the critical atom number 
Nq = 12 ^> 1 all lead to the opposite conclusion that the 
strong coupling regime is not reached in [1]. Therefore, 
we are confident that the claim "We hence conclude that 
the system is in a strong coupling regime with distinct 
vacuum Rabi oscillation [23]." by Toida et al. is unjus- 
tified. In conclusion the main claims presented in the 
paper [1] are not supported by the experimental data. 

We acknowledge discussions with Florian Marquardt 
and in addition comments on the manuscript from Julien 
Basset and Klaus Ensslin. 
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